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RADIATION CURABLE WATER BASED CATIONIC INKS AND COATINGS 



BACKGROUND OF THE INVENTION 



Field of the Invention 

10 This invention relates to ultraviolet (UV) or electron beam (EB) curable v 

compositions. More particularly this invention relates to UV/EB curable cationic inks 
and coatings for use in Inkjet, gravure and flexographic printing. 

Description of Related Art 

15 Cationic inks and coatings are well known for very good adhesion on different 

plastic and metallized substrates. Conventional cationic, ultraviolet or electron beam 
(hereinafter identified as UV/EB) curable inks and coatings typically are comprised of 
cycloaliphatic epoxy components which upon exposure to light of suitable wavelengths 
and in presence of suitable cationic photoinitiators, polymerizes to form a hard film with 

20 desired properties. One limitation of cycloaliphatic epoxides is their sensitivity to 

moisture which slows the cure rate. W. Watt reviewed the UV curing of epoxides in The 
UV Curing of Epoxides, Chemistry & Technology of UV Curing, Vol. 2, pp. 247-82, 
1980. W. Watt notes in paragraph 5.4 that water will increase termination of cationic 
polymerization, and that high humidity has been shown to greatly increases the time for 

25 UV-curable epoxide coatings to become tack-free. In a more recent publication by R. 
F. Eaton et al. entitled Formulating Concepts For Both High Solids And Water Based 
UV Cured Cycloaliphatic Epoxy Wood Coatings, Rad. Tech. North America 
Proceedings, Vol. 1, pp. 384 et seq., 1990, they disclose that cycloaliphatic epoxies can 
be readily dispersed in water to form UV curable zero VOC emulsions which have 

30 coating performance equivalent to solvent applied cationic UV coatings. However, 
Eaton et al. also note that the rate of cure is significantly slowed by high humidity even 
though adding water to formulations does not slow cure. 

Curable cationic coating compositions containing epoxy (i.e., oxirane) 
compounds and oxetane compounds are disclosed in Igarashi et al., U.S. Patent 

35 5,674,922; Takami et al M U.S. Patent 5,721 ,020; and Kansai Paint Co., UK Patent 
Application GB 231021 1. Igarashi et al. discloses active energy beam-curable 
compositions containing a compound with one oxetane ring and hydroxyl group in the 
molecule; a compound with one oxirane ring in the molecule; and a compound that 
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5 initiates cationic polymerization, igarashi's compositions are solvent free and viscosity 
is adjusted by varying the component ratios. Takami et al., discloses an ultraviolet- 
curing coating composition for cans which contains a cation-polymerizable compound, 
a compound having at least one oxetane ring in the molecule, a cationic initiator, and a 
lubricity imparting agent, i.e., a wax. Takami et al. also discloses that the coating 

10 composition can be applied by a variety of coating methods and that the resulting 
coating is heated to remove solvents if present. In the examples, solventless liquid 
compositions containing diepoxides and 3-ethyl-3-hydroxymethyloxetane were coated 
on a variety of substrates for testing. Kansai Paint Co. discloses an active energy ray- 
curable resin composition which contains a resin having an oxetane functional group as 

15 w ell as an epoxy group in the molecule; and a cationic p olymerization initiato r. Kansai 
Paint Co. discloses that their composition can be prepared by mixing the components in 
the presence of a solvent or a dispersing agent. Specific solvents disclosed are *■* 
hydrocarbons, halogenale^ ethersTket^ 
KaTTsai Paint Co. furtheTdisdoseTthat their formulationi ^^^ercor^Ina 

20 monom^ 

Although advances have been made in radiation curable cationic polymerization 
coating compositions, the curing of these coating compositions remains sensitive to 
humidity and require long cure times. In addition, viscosity adjustment of these 
compositions is frequently limited, particularly for solventless systems, thus limiting their 

25 use in applications such as low viscosity inks. Further, the coating components 
employed, particularly solvents, frequently emit vapors and/or odors which are 
undesirable for environmental or safety reasons. Accordingly, there is a need for 
materials used in fast curing cationic inks and coatings which are insensitive to 
humidity, have low viscosity, and use low odor diluents. These needs are met by the 

30 composition of the present invention. 

SUMMARY OF THE INVENTION 
The present invention is an actinic radiation curable, cationic polymerizable, 
compositions comprising an aqueous solution of: (a) a cationic polymerizable 
35 compound having at least two epoxy groups, oxetane groups, tetrahydrofurfuryl groups 
or a combination thereof; (b) optionally a hydroxy alkyl cyclic ether selected from the 
group consisting of a hydroxyalkyl oxetane compound, a hydroxyalkyl epoxy 
compound, a hydroxyalkyl tetrahydrofurfuryl compound, and a combination thereof; (c) 



BNSOOCID: <WO._ 0034400A1.I.> 



WO 00/34400 3 PCT/US99/29569 

5 water; and a cationic initiator which generates cations, e.g., protons, upon irradiation 
with ultraviolet radiation. 

Another embodiment of the invention involves an aqueous solution of 
components (a), (b), (c); and a cationic initiator; having physical properties 
characterized by a three component phase diagram; wherein the vertices of said 

10 diagram represent 100 wt.% concentration of each component (a), (b) and (c); and 
wherein the binary concentrations of the cationic polymerizable compound and water 
are plotted along a first binary axis; the binary concentrations of the hydroxy alkyl cyclic 
ether and cationic polymerizable compound are plotted along a second binary axis; and 
the binary concentrations of the water and cyclic ether are plotted along a third binary 

15 axis; and wherein a cloud point curve within said diagram separates the single phase 
concentration region from the two-phase concentration region for the ternary mixture of 
components. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 The invention may be more fully understood from the following description and • 

accompanying drawing, Figure 1 . Figure 1 is a three component phase diagram in 
which the components shown at the vertices are: (A) a cationic polymerizable 
compound, (B) a hydroxyalkyl cyclic ether, and (C) water. 

25 DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to novel cationically curable compositions 
having greatly enhanced reactivity, and reduced viscosity and odor. These improved 
properties are achieved, for example, by combining a cycloaliphatic epoxy with water 
and optionally a hydroxy functional cyclic ether, particularly, epoxides or oxetanes. In 

30 this invention water is used as a diluent to control viscosity and maintain low odor while 
hydroxy functional cyclic ether allows coating formulations of monophase mixtures, i.e., 
solutions, of these ingredients. Colorants can be incorporated into the cationic 
solutions of this invention to produce water-based inks with excellent rheology suitable 
for a wide range of printing applications from ink jet to higher viscosity paste inks. As 

35 used herein the term "solution" is intended to have its conventional meaning as a 
homogeneous mixture formed by dissolving one or more substances in another 
substance, i.e., a single phase liquid. The term "radiation curable" composition, as 
used herein, is intended to mean an composition which can be cured , hardened, 
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5 polymerized, or crosslinked by the action of actinic radiation such as UV, EB f and the 
like from a radiant energy source. As used herein "actinic radiation" is intended to 
encompass radiation having a wavelength range from about 190 nm to about 400 nm, 
and preferably from about 240 nm to 40Q nm. Actinic radiation of this type may be 
obtained from a variety of sources, e.g., mercury arc lamps, xenon arc lamps, 
10 fluorescent lamps, monochromatic laser sources, and the like. Actinic radiation as used 
herein also is intended to encompass high energy electrons such as from electric 
discharge devices or electron beam devices. 

Radiation Curable Composition: . 

is The radiation curable, cationic polymerizable, composition of this invention is an 

aqueous solution of a cationic polymerizable compound having two or more epoxy 
groups, oxetane groups, tetrahydrofurfuryl groups or a combination thereof such as a 
cycloaliphatic diepoxy compound; optionally a hydroxy alkyl cyclic ether, such as a 
hydroxyalkyl oxetane, a hydroxyalkyl epoxy, a hydroxyalkyl tetrahydrofurfuryl, or a 

20 combination thereof; water; and a cationic initiator which generates cations upon 
irradiation with ultraviolet radiation. The cationic polymerizable, composition is 
characterized in that it is curable to a solid by exposure to energy from a radiant energy 
source as described supra. Curing of the aqueous solution (i.e. liquid vehicle) is 
initiated by activation of a polymerization initiating system (e.g., by UV radiation) as will 

25 be described in detail hereinbelow. The composition also may be cured to a solid by 
exposure to high energy electrons from an electron beam source. 

Cationic Polymerizable Compound 

The cationic polymerizable compound contains two or more alicyclic ether 

30 reactive groups in which the groups are epoxy groups, oxetane groups, 

tetrahydrofufuryl groups or a combination of these groups. The cationic polymerizable 
compound typically is a liquid oligomer orpolymer containing the reactive groups. The 
term "oligomer" as used herein, is intended to mean a low molecular weight resin or 
polymer which contains two or more cyclic ether reactive groups which are capable of 

35 condensing upon cationic initiation to form a polymer with component moieties typically 
bound in sequence by ether linkages. The cationic polymerizable compound may be a 
solid, but typically it is a higher viscosity liquid. In each instance such cationic 
polymerizable compounds may optionally be solubilized in the liquid hydroxy alkyl cyclic 
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5 ether component. Preferably the cationic polymerizable compound is a cycloaliphatic 
diepoxide. Examples of cycloaliphatic diepoxides are copolymers of epoxides and 
hydroxy! components such as glycols, polyols, or vinyl ether, such as 3,4- 
epoxycyclohexylmethyl -3\4'-epoxycyclohexylcarboxylate; bis(3,4- 
epoxycylohexylmethyl) adipate; limonene diepoxide; diglycidyl ester of 

io hexahydrophthalic acid; or a mixture thereof. A preferred cycloaliphatic epoxide of this 
type is 3,4-epoxycyclohexylmethyl -3\4'-epoxycyclohexylcarboxylate having the 
following formula. 



o 




15 The cationic polymerizable compound may be a noncycloaliphatic epoxide, such as 
diglycidyl ether of bisphenol A; di- or triglycidyl ether of alkoxylated bisphenol A; 
novalac epoxy; and the like. The cationic polymerizable compounds containing two or 
more oxetane groups or tetrahydrofurfuryl groups may also be used instead of, or in 
addition to the bis epoxy compounds described above. Suitable bis-oxetane 

20 compounds for use in this invention are described in Takami et al. U.S. Patent 

5,721 ,020, the disclosure of which is incorporated herein by reference. The cationic 
polymerizable compounds containing an epoxy (oxirane) group and an oxetane group, 
may also be used in the compositions of this invention. Suitable mixed functional 
compounds of this type which are useful in this invention are described in Toagosei Co. 

25 Offenlegungsschrift DE 1 96 47 848 A1 . Compounds of this type include 3- 

((oxiranylmethoxy) methyl)- oxetane and 3-alkyi-3-((oxiranylmethoxy)-methyl)-oxetane 
wherein the alkyl group contains 1-8 carbon atoms. The epoxy functional compounds, 
the oxetane functional compounds, the tetrahydrofurfuryl functional compounds and a 
mixture of these functional compounds may be used individually or in combination as 

30 the cationic polymerizable compound in this invention. 



Hydroxy Alkyl Cyclic Ether 

In addition to the cationic polymerizable compound or combination of cationic 
polymerizable compounds, a hydroxy alkyl cyclic ether may optionally be added to 
35 function as a reactive diluent for the cationic polymerizable compound. The hydroxy 
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alkyl cyclic, ether surprisingly has been found to reduce humidity sensitivity of curing, 
thus allowing shorter cure times for the coated compositions. Still further, the presence 
of an hydroxyalkyl cyclic ether helps to ether form a single phase solution with the 
cationic polymerizable compound(s) and water, thus providing a means to obtain low 
viscosity compositions with less odor. The hydroxy alkyl cyclic ether is a hydroxyalkyl 
oxetane, a hydroxyalkyl epoxy, a hydroxylalkyl tetrahydrofurfuryl or a combination of 
these cyclic ether types. The alkyl group of the hydroxy alkyl cyclic ether contains 1 to 
2 carbon atoms, with 1 carbon atom being preferred. The hydroxy alkyl cyclic ether 
may be further substituted with a second alkyl group having 1 to 6 carbon atoms. A 
preferred hydroxy alkyl cyclic ether is a hydroxyalkyl oxetane having the following 
structure: 



wherein R1 is an alkenyl group having 1 to 2 carbon atoms, and R2 is hydrogen or an 
alkyl group having 1 to 6 carbon atoms, with 2 carbon atoms being preferred. A 
particularly preferred oxetane of this type is 3-ethyl-3-hydroxymethyl-oxetane. Another 
preferred hydroxy alkyl cyclic ether is a hydroxyalkyl epoxy having the following 
structure: 



wherein R3 is an alkenyl group having 1 to 2 carbon atoms, and R4 is hydrogen or an 
alkyl group having 1 to 6 carbon atoms. A particularly preferred epoxy of this type is 4- 
hydroxymethyl-1,2-epoxycyclohexane. 



The third major ingredient of the compositions of this invention is water. Water, 
in suitable amounts, functions as an odor free diluent to adjust the viscosity of the 
resulting composition. In particular, water in combination with the hydroxyalkyl cyclic 
ether, in suitable proportions, forms a totally miscible solution which functions as a 



R 2 



O 





Water 
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5 miscible diluent for the cationic polymerizable compound, resulting in a homogeneous 
aqueous solution. A key aspect of the present invention is that the viscosity of the 
composition may be altered by simply adjusting either the amount of water employed 
or the amount of the cationic polymerizable compound; provided that the resulting liquid 
remains an aqueous solution, i.e. single phase liquid. 

10 The radiation curable, cationic polymerizable, composition of this invention may 

be more fully understood from the following description in connection with Figure 1 of 
the accompanying drawing. Figure 1 is a representation of a three component phase 
diagram (10) in which the major components are the cationic polymerizable compound, 
a hydroxyalkyl cyclic ether, and water. As used herein, the term "major component" is 

15 intended to mean a component having major concentration in the composition. In the 
phase diagram (10), the concentration of a mixture of the cationic polymerizable 
compound and water is plotted along a first binary axis (12) with vertice (A) 
representing 100 wt.% concentration of the cationic polymerizable compound; the 
concentration of a mixture of hydroxyalkyl cyclic ether and cationic polymerizable 

20 compound is plotted along a second binary axis (14) with vertice (B) representing 100 
wt.% concentration of the hydroxyalkyl cyclic ether; and the concentration of a mixture 
of water and cyclic ether is plotted along a third binary axis (16) with vertice (C) 
representing 100 wt.% concentration of water. The point X on the third binary axis (16) 
defines the concentration at which phase transition occurs for the binary water/cyclic 

25 ether mixture from a two phase mixture (e.g. a dispersion) to a single phase (i.e. 
solution). The phase transition boundary (20), i.e., the cloud point curve, defines the 
ternary mixture concentrations (water, cyclic ether and cationic polymerizable 
compound) at which phase transition occurs from a two phase ternary mixture in 
concentration region (22) to a single phase ternary mixture in concentration region (24). 

30 The actinic radiation curable compositions of this invention, are represented by the 

ternary mixture of major components in concentration region (24). It is understood that 
the placement of the phase transition boundary (20) within the phase diagram (10), 
depends on the specific cationic polymerizable compound, and hydroxyalkyl cyclic 
ether employed in the ternary mixture, as well as other factors such as temperature. 

35 The temperatures at which the compositions are stored and used are typically about 
room temperature. Accordingly, stable solutions of the invention may be prepared 
under ambient conditions. While the major component concentration relationships for 
the compositions of this invention generally have been illustrated in Figure 1, the 
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5 preferred concentration of water ( based on the combined weight of the major 

components) ranges from about .5 wt.% b about 45 wt.%. Combinations of the other 
components must further be within the concentration region (24) bound by the cloud 
point curve (20) and the second binary axis (14), i.e., the combination must form an 
aqueous solution. 

10 ; 

Polymerization Initiating System 

Unless the ink is formulated specifically for use with electron beam curing, the 
radiation curable compositions of this invention typically contain a cationic initiator 
which generates cations upon irradiation with actinic radiation, such as near ultraviolet 

is radiation. Such a photoinitiator system has one or more compounds that directly 
furnish cations (protons) by the production of an acid when activated by actinic 
radiation. The photoinitiator system may also contain a sensitizer that extends spectral 
response into the near ultraviolet, visible and near infrared spectral regions. 

Cationic polymerization photoinitiating systems typically are used to initiate 

20 condensation polymerization in systems such as the epoxy compositions described 
herein. Such cationic photoinitiating systems includes all substances which liberate 
Lewis acids or Broensted acids upon exposure to actinic radiation such as UV 
radiation. Cationic photoinitiating systems which are particularly useful in the radiation 
curable compositions of this invention are aryfsulfonium salts, especially the 

25 triarylsulfonium salt such as triarylsulfonium phosphate, triarylsulfonium antimonate, 
triphenylsulfonium hexafluorophosphate, and diarylsulfonium salt; and aryl-iodonium 
salts, such as diaryliodonium hexafluoroantimonate, bisdodecyiphenyliodonium 
hexafluoroantiminoate, and the like. Such, cationic photoinitators may be used 
individually or in combination to effect suitable curing of the ink. Preferred as 

30 photoinitiators in the inks of this invention are diaryl-iodonium hexafluoroantimonate 
and (r|5-2,4-cyclopentadien-1-yl)[(1 ,2, 3,4, 5,6-ti)(1 -methyl ethyl)benzene]-iron+- 
hexafluorophosphate(-l). Typically, only small amounts of such photoinitiator systems 
are required to effectively initiate polymerization, e.g., from about 0.5 wt.% to about 5 
wt.% (based on the total weight of the aqueous solution). Typically, the photoinitiator 

35 system is readily soluble in at least one of the major components of the solution. 
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5 Radiation Curable ink 

The aqueous, actinicradiation curable compositions of this invention may also 
contain, as an additional component, a quantity of a colorant in an amount sufficient to 
make an ink. As used herein, the term "ink" has its conventional meaning, i.e., a 
colored liquid composed of a colorant, typically a pigment, dispersed in liquid vehicle. 
10 In particular the radiation curable ink of this invention comprises a colorant, preferably a 
pigment, and the aqueous solution making up the actinic radiation curable, cationic 
polymerizable, composition fully described above. 

Colorants 

15 The actinic radiation curable compositions of this invention may contain one or 

more colorants such as dyes or pigments. When used as a radiation curable ink, the 
aqueous coating solution typically contains one or more pigments dispersed therein. 
The pigment or dye may be any conventional pigment or dye described in the prior art. 
Preferably an organic or inorganic pigment is employed such as Pigment Yellow 1 ; 

20 Pigment Yellow 3, Pigment Yellow 12, Pigment Yellow 13, Pigment Yellow 14, Pigment £ 
Yellow 17, Pigment Yellow 63, Pigment Yellow 65, Pigment Yellow 73, Pigment Yellow i! 
74, Pigment Yellow 75, Pigment Yellow 83, Pigment Yellow 97, Pigment Yellow 98, 
Pigment Yellow 106, Pigment Yellow 1 14, Pigment Yellow 121, Pigment Yellow 126, « 
Pigment Yellow 1 27, Pigment Yellow 1 36, Pigment Yellow 1 74, Pigment Yellow 1 76, i 

25 Pigment Yellow 188, Pigment Orange 5, Pigment Orange 13, Pigment Orange 16, & 
Pigment Orange 34, Pigment Red 2, Pigment Red 9, Pigment Red 14, Pigment Red 17, - - 1 

Pigment Red 22, Pigment Red 23, Pigment Red 37, Pigment Red 38 t Pigment Red 41, 
Pigment Red 42, Pigment Red 112, Pigment Red 170, Pigment Red 210, Pigment Red 
238, Pigment Blue 15, Pigment Blue 15:1, Pigment Blue 15:2, Pigment Blue 15:3, 

30 Pigment Blue 15:4, Pigment Green 7, Pigment Green 36, Pigment Violet 23, Pigment 
Black 7 and the like. Pigment compositions which are also useful in the energy curable 
inks of this invention are described in U.S. Patents 4,946,508; 4,946,509; 5,024,894; 
and 5.062,894 each of which is incorporated herein by reference. Such pigment 
compositions are a blend of the pigment along with a poly(alkylene oxide) grafted 

35 pigment. 
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5 Adjuvants 

Radiation curable coating or ink compositions prepared according to this 
invention may contain the usual adjuvants to adjust flow, surface tension and gloss of 
the cured coating or printed ink. Such adjuvants typically are a surface active agent, a 
wax, or a combination thereof. The adjuvants may also function as leveling agents, 
10 wetting agents, dispersants, defrothers or deareators, or additional adjuvants may be 
added to provide a specific function. Preferred adjuvants may include fluorocarbon 
surfactant such as FC-430,a product of the 3M company; silicone such as DC57, a 
product of Dow Chemical Corporation; polyethylene wax; polyamide wax; 
polytetrafluoroethylene wax; and the like. 

15 

Addition Polymerizable Component 

In some instances, the radiation curable, cationic polymerizable, compositions 
may contain a free radical addition polymerizable composition. Typically, the radiation 
curable, cationic polymerizable, coating composition will contain less than 35 wt.% 

20 (based on the weight of the coating composition) of a free radical, addition 

polymerizable composition. The free radical addition polymerizable composition 
comprises a liquid compound having terminal ethylenic unsaturation. Typically, the free 
radical, addition polymerizable system comprises: an oligomer, a polymer or a 
combination thereof; an ethylenically unsaturated monomeric diluent; and a free radical 

25 photoinitiation system activated by actinic radiation. The monomeric diluent is a lower 
molecular weight ethylenically unsaturated compound which forms a polymer directly 
upon initiation by free radicals generated by absorbed radiation. Typically, the 
monomeric diluent is comprised of one or more monomeric compounds which have 
one, two or more terminal ethylenically unsaturated groups. Representative of such 

30 monomeric compounds are: methylmethacrylate; N-vinyl pyrolidone; dipropylene glycol 
diacrylate; tripropylene glycol diacrylate; butanediol diacrylate; hexanediol diacrylate; 
trimethyol propane triacrylate; ethoxylated trimethylol propane triacrylate; 
glycerolpropoxy triacrylate; pentaerythritrol triacrylate; dipropylene glycol 
dimethacrylate; tripropylene glycol dimethacrylate; butanediol dimethacrylate; 

35 hexanediol dimethacrylate; trimethyol propane trimethacrylate; and the like. The 
monomeric diluent may contain a combination of diacrylic and triacrylic monomers 
along with a monomer containing a single terminal ethylenic group. The inks of this 
invention may contain an oligomer having ethylenic unsaturation which can react with 
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5 the ethylenically unsaturated reactive liquid diluent. Representative of such oligomers 
are acrylated epoxy resins; bis acrylic esters of bisphenol A; acrylated polyurethanes; 
acrylated polyesters; and the like. Preferred oligomers of this type include di-(3- 
methacryloxy-2-hydroxypropyl ether of bisphenol-A; di(2-methacryloxyethyl ether of 
bisphenol-A; di-(3-acryloxy-2-hydroxypropyl ether of bisphenol-A; di{2-acryloxyethyl 

10 ether of bisphenol-A; and the like. The inks of this invention may also contain a 

preformed polymer such as an acrylic polymer or copolymer of C1-C4 alkyl acrylates or 
methacrylates, or acrylic or methacrylic acid; vinyl polymers and copolymers such as 
polyvinyl chloride, polyvinyl acetate, polyvinyl alcohol; polyvinylpyrolidone; cellulosic 
polymers and copolymers; and the like. 

15 In free radical initiated curing systems, typically irradiation of a photoinitiator 

produces free radicals that initiate polymerization. A wide variety of photoinitiators may 
be used in the supplementary "hybrid" compositions of this invention provided that the 
initiator is free of amine groups which would interfere with the concurrent cationic 
polymerization. Useful photoinitiators of this type are described in a review by B.M. 

20 Monroe and G.C. Weed entitled "Photoinitiators for Free-Radical-Initiated Photoimaging 
Systems", Chem. Rev., 1993, No. 93, 435-48, which is incorporated herein by 
reference. Preferred photoinitiators which may be used alone or in combination with 
others are 4-(2-hydroxyethoxy)phenyl-(2-hydroxy-2-methylpropyl)ketone; isopropyl 
thioxanthone; and the like. 

25 The curable compositions of this invention may be obtained by a variety of 

methods for applications that include protective, decorative and insulating coatings; 
potting compounds; sealants; adhesives; photoresists; textile coatings; and laminates 
on a variety of substrates, e.g., metal, rubber, plastic, wood, molded parts, films, paper, 
glass cloth, concrete, and ceramic. The curable compositions of this invention are 

30 particularly useful as inks for use in a variety of printing processes. 

Aqueous, energy curable, ink and coating compositions prepared pursuant to 
this invention will now be illustrated by the following examples but are not intended to 
be limited thereby. In the following examples several coating and ink compositions 
using combination of a cycloaliphatic diepoxide, a hydroxy oxetane and water at 

35 different ratios were formulated and tested for rheology, cure, gloss and chemical 
resistance. 



BNSDOCID <WO_OOVMOOAl » > 



i 

WO 00/34400 , 12 PCT7US99/29569 

5 Example 1 

A UV flexo cationic yellow ink was prepared from the following components: 

Component % by weight 
Cyracure 61051 45 
Pigment Yellow 12 15 

10 EOXA2 25 

Cyracure UVI 69903 5 
Water 1 o 

Silicone Oil 0.3 



15 (1) Cyracure 6105 is 3,4-epoxycyclohexylmethyl -3', 4'- epoxycyclohexyl- 
carboxylate; and a product of Union Carbide Chemfcals and Plastics 
Technology Corporation; 

(2) EOXA is 3-ethyl-3-hydroxymethyl-oxetane; and 

(3) Cyracure UVI 6990 is a mixed triarylsulfonium hexaftuorophosphate salt and 
20 a product of Union Carbide Chemicals and Plastics technology Corporation. 

This ink was prepared from a dispersion of Pigment Yellow 12 in Cyracure 6105. All 
other components were mixed into the pigment dispersion and the resulting ink was 
printed at 300 lines/inch (Ipi) using a gravure handproofer and cured with two 200 
25 watt/inch (wpi) UV lamps at 200 feet/minute (fpm) belt speed. The ink had a density of 
1.38; a gloss of 97 as determined on a BYK Glossmeter; and resisted 23 rubs with a 
cotton swab saturated with methyl ethyl ketone (MEK) immediately after post cure and 
75 MEK rubs 24 hours after post cure. 

30 Example 2 

A UV ink jet cationic blue ink was prepared from the following components: 



Component * % by weight 

Cyracure 6105 11.9 
Pigment Blue 52-219 5.1 
35 EOXA 55.06 

Cyracure 69744 i 5.0 
Water 22.94 



(4) Cyracure 6974 is a mixed triarylsulfonium hexafluoroantimonate salt and a 
product of Union Carbide Chemicals and Plastics Technology Corporation. 

This ink was prepared from a dispersion of Pigment Blue 52-219 in Cyracure 6105. All 
other components were mixed into the pigment dispersion and the rheology of the 
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5 resulting ink was measured. This ink had a viscosity of 13 cps at 25 °C when 

measured using a rotational rheometer and exhibited essentially Newtonian behavior 
over a wide range of shear rates, i.e., 100 sec-1 to 2500 sec-1. This ink was found 
suitable for ink jet printing. 

Example 3 

io A UV cationic coating composition was prepared from the following components: 

Component % by weight 

Cyracure6105 45.41 
EOXA 36.33 
Cyracure 6974 2.99 

15 Water 15.17 
Silicone Oil 0.30 



The ingredients were mixed to give a clear solution and films prepared by applying the 
solution over a plastic substrate with a square bar applicator (about 6 mk film) and 
20 cured using two 200 wpi UV lamps at 100 fpm belt speed. The gloss of the cured 

coating was 80, and the coating resisted 5 MEK rubs immediately after cure and had ... 
essentially no odor. 

Example 4 

25 A UV cationic coating composition was prepared from the following components: 



Component % by weight 
Cyracure 6105 45.0 
ETHB5 36.0 
30 Cyracure 6974 3.0 
Water 15.0 
Silicone Oil 0.3 



35 (5) ETHB is epoxidized tetrahydrobenzyl alcohol . 



The ingredients were mixed to give a clear solution and films prepared by applying the 
solution over a plastic substrate with a square bar applicator (about 6 mk film) and 
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5 cured using two 200 wpi UV lamps at 1 50 fpm belt speed. The gloss of the cured 
coating was 81 , and the coating resisted 20 MEK rubs immediately after cure. 



Example 5 

A hybrid UV curable cationic/free radical coating composition was prepared from 

io the following components: 

Component % by weight 

Cyracure6105 25.0 

EOXA 25.0 

Cyracure 6974 3.0 

15 Water 15.0 

Laromer 87656 30.0 

Irgacure 29597 2.0 



20 (6) Laromer 8765 is epoxy acrylate; a product of BASF Corp. 

(7) Irgacure 2959 is 4-(2-hydroxyethoxy)phenyl-(2-hydroxy-2-methylpropyl)ketone 
and a product of Ciba Corp. 

This coating composition was prepared, coated and cured as described in Example 3 
25 except that this composition required 2 passes under one 300 wpi UV lamp at 1 50 fpm 
for complete the cure. 



Example 6 

30 A UV cationic coating composition was prepared from the following components: 



Component % by weight 

Celoxide 2021 (epoxy) 43.9 

Oxetane Alcohol 43.9 

Water 8.8 

35 UVI 6990 (photoinitiator) 3.5 



The ingredients were mixed to give a clear solution having a viscosity of 35.9 mP-s. 
Films were prepared by applying the solution over a plastic substrate with a square bar 
applicator (about 6 mk film) and cured using a 160 W/cm ultraviolet lamp at a dose of 
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5 100 mJ/cm2/pass. The tack free pass for the printed film occurred after 5 passes. The 
pencil hardness of the film after 24 hours measured "B M . 

Example 7 

10 A UV cationic coating composition was prepared for the following components: 

Component % by weight 

Celoxide 2021 (epoxy) 70.2 

Oxetane Alcohol 1 7.5 

Water 8.8 

1 5 UVI 6990 (photoinitiator) 3.5 

The ingredients were mixed to give a clear solution having a viscosity of 51 .1 mP-s. 
Films were prepared by applying the solution over a plastic substrate with a square bar 
applicator (about 6 mk film) and cured using a 160 W/cm ultraviolet lamp at a dose of w 
20 100 mJ/cm2/pass. The tack free pass for the printed film occurred after 1 pass. The • 
pencil hardness of the film after 24 hours measured "2IT. 

Example 8 

A UV cationic coating composition was prepared from the following components: 
25 Component % by weight 

Celoxide 2021 (epoxy) 43.9 
Tetrahydrofurfuryl Alcohol 43.9 
Water 8.8 
UVI 6990 (photoinitiator) 3.5 

30 

The ingredients were mixed to give a clear solution having a viscosity of 13.6 mPs. 
Films were prepared by applying the solution over a plastic substrate with a square bar 
applicator (about 6 mk film) and cured using a 160 W/cm ultraviolet lamp at a dose of 
100 mJ/cm2/pass. The tack free pass for the printed film occurred after 1 5 passes. The 
35 pencil hardness of the film after 24 hours measured ">4B'\ 
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A UV cationic coating composition was prepared from the following components: 



Component % by weight 
Celoxide2021 (epoxy) 70.2 
10 Tetrahydrofurfuryl Alcohol 17.5 
Water 8.8 
UVI 6990 (photoinitiator) 3.5 



The ingredients were mixed to give a clear solution having a viscosity of 30.9 mPs. 
15 Films were prepared by applying the solution over a plastic substrate with a square bar 

applicator (about 6 mk film) and cured using a 160 W/cm ultraviolet lamp at a dose of 

100 mJ/cm2/pass. The tack free pass for the printed film occurred after 2 passes. The 

pencil hardness of the film after 24 hours measured "HB". 

Those skilled in the art having the benefit of the teachings of the present 
20 invention as hereinabove set forth, can effect numerous modifications thereto. These 

modifications are to be construed as being encompassed within the scope of the 

present invention as set forth in the appended claims. 
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What is claimed is: 



1. An actinic radiation curable, cationic polymerizable, composition comprising 
an aqueous solution of: 

10 (a) a cationic polymerizable compound having two or more alicyclic ether groups 

selected from epoxy groups, oxetane groups, tetrahydrofurfuryl groups or a 
combination thereof; 

(b) water; and 

(c) a cationic initiator. 

15 

2. The composition of Claim 1 wherein the cationic polymerizable compound is 
selected from a cycloaliphatic epoxy compound and a tetrahydrofurfuryl compound. 

3. The composition of Claim 2 wherein the cycloaliphatic epoxy compound is ; 
20 3,4-epoxycyclohexylmethyl -3\4'-epoxycyclohexylcarboxylate. 

4. The composition of Claim 1 wherein the cationic polymerizable compound is 
selected from the group consisting of a diglycidyl ether of bisphenol A; diglycidyl ether 
of alkoxylated bisphenol A; a triglycidyl ether of alkoxylated bisphenol A; novalac epoxy; 

25 and combinations thereof. 

5. The composition of Claim 1 further comprising a hydroxyalkyl cyclic ether 
selected from hydroxyalkyl oxetane, hydroxyalkyl epoxy and hydroxyalkyl 
tetrahydrofurfuryl and combinations thereof. 

30 

6. The composition of Claim 5 wherein the hydroxyalkyl oxetane has the 
structure: 




o ' 

35 wherein R1 is an alkenyl group having 1 to 2 carbon atoms, and R2 is hydrogen or an 
alkyl group having 1 to 6 carbon atoms. 
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7. The composition of Claim 6 wherein the hydroxyalkyl oxetane is 3-ethyl-3- 
hydroxymethyl-oxetane. 

8. The composition of Claim 5 wherein the hydroxyalkyl cyclic ether is the 
10 hydroxyalkyl epoxy compound. 

9. The composition of Claim 8 wherein the hydroxyalkyl epoxy compound has 
the structure: 




wherein R3 is an alkenyl group having 1 to 2 carbon atoms, and R4 is hydrogen or an 
alkyl group having 1 to 6 carbon atoms. 

10. The composition of Claim 9 wherein the hydroxyalkyl epoxy compound is 4- 
20 hydroxymethyl-1 ,2-epoxycyclohexane. 

1 1 . The composition of Claim 5 wherein the hydroxyalkyl cyclic ether is the 
combination of the hydroxyalkyl oxetane and the hydroxyalkyl epoxy. 

25 12. The composition of Claim 1 1 wherein the hydroxyalkyl oxetane is 3-ethyl-3- 

hydroxymethyl-oxetane and the hydroxyalkyl epoxy is 4-hydroxymethyM ,2- 
epoxycyclohexane. 

13. The composition of Claim 1 wherein the actinic radiation is ultraviolet 
30 radiation. 

14. The composition of Claim 1 wherein the actinic radiation is an electron 

beam. 
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5 15. The composition of Claim 1 wherein the composition further comprises a 

colorant. 

16. The composition of Claim 1 5 wherein the colorant is a dye. 

10 17. The composition of Claim 15 wherein the colorant is a pigment dispersed in 

the aqueous solution. 

18. The composition of Claim 1 wherein the composition further comprises a 
vinyl ether. 

15 

19. The composition of Claim 1 further comprising less than 35 wt.% based on 
the weight of the composition of a free radical, addition polymerizable composition. 

20. The composition of Claim 19 wherein the free radical, addition polymerizable 
20 composition comprises: 

(1) an oligomer, a polymer or a combination thereof, 

(2) an ethylenically unsaturated monomeric diluent; and 

(3) a free radical photoinitiation system activated by the actinic radiation. 

25 21 . An actinic radiation curable, cationic polymerizable, composition 

comprised of an aqueous solution of components: (a) a cationic polymerizable 
compound having two or more epoxy groups, oxetane groups, or a combination thereof; 
(b) optionally a hydroxyalkyl cyclic ether selected from the group consisting of a 
hydroxyalkyl oxetane compound, a hydroxyalkyl epoxy compound, and a combination 

30 thereof; (c) water; and (d) a cationic initiator; having physical properties characterized 
by a three component phase diagram; wherein the vertices of said diagram represent 
100 wt.% concentration of each component (a), (b) and (c); and wherein the binary 
concentrations of the cationic polymerizable compound and water are plotted along a 
first binary axis; the binary concentrations of the hydroxy alkyl cyclic ether and cationic 

35 polymerizable compound are plotted along a second binary axis; and the binary 

concentrations of the water and cyclic ether are plotted along a third binary axis; and 
wherein a cloud point curve within said diagram separates the single phase 
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5 concentration region from the two-phase concentration region for the ternary mixture of 
components (a), (b) and (c). 

22. The composition of Claim 21 wherein the single phase region is bound by 
the cloud point curve and the second binary axis. 

10 

23. The composition of Claim 22 represented by a region bound by the cloud 
point curve, second binary axis and a portion of the third binary axis wherein the water 
concentration ranges from 0 to 45 wt.% 

15 24. A printing ink prepared from the actinic radiation curable, cationic 

poiymerizable, composition of Claim 21 

25. A coating prepared from the actinic radiation curable, cationic 
poiymerizable, composition of Claim 21. 

20 



BNSDOCID. <WO 0034400A1J. * 



WO 00/34400 



PCT/US99/29569 



1 / 1 

Figure 1 



A 




BNSOOCID <WO_OCXmOOAl J_> 



INTERNATIONAL SEARCH REPORT 



International , ication No 

PCT/US 99/29569 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 C09D11/00 C08G59/68 C08G65/22 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (ciassihcation system followed by classification symbols) 

IPC 7 C09D C08G 



Documentation searched other than minimum documentation to the extent that such documents are included m the fields searched 



Electronic data base consulted during the international search {name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X,Y 



P.X 



US 4 548 890 A (SEROL GROUP LIM. ) 
22 October 1985 (1985-10-22) 

column 2, 1 ine 15 - 1 ine 20 

column 2, paragraph 6 -column 3, paragraph 

column 3, paragraphs 2,3 
column 4, paragraph 2 

examples 1-7 

claims 1-7,11,14 

WO 99 41296 A (RENSSELAER POLYTECHN. 
INSTITUTE) 19 August 1999 (1999-08-19) 
page 1, line 12; claims 1-5,7 
page 12, line 28 -page 13, line 5 
claims 8,9 



1,13-17, 
19, 

21-23,25 



24,25 



V- 



| X I Furtnor documents are listed in the continuation of box C. 



ID 



Patent family members are listed in annex. 



• Special categories of cited documents : 

'A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O" document referring to an oral disclosure, use. exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an Inventive step when the document is taken alone 

"Y" document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 

29 March 2000 


Date of mailing of the international search report 

17/04/2000 


Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswljk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31 -70) 340-30 16 


Authorized officer 

Lauteschlaeger, S 



page 1 of 2 



BNSDOCID <WO_ „0034400A1 \ > 



INTERNATIONAL SEARCH REPORT 



C-(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Inlernalional . .cation No 

PCT/US 99/29569 



Category 



Citation ot document, with indication. where appropriate, ot the relevant passages 



Relevant to claim No. 



X,Y 



EP 0 071 345 A (AMERICAN CAN CO) 
9 February 1983 (1983-02-09) 

claims 1,2 
page 21. paragraphs 1,2 

US 5 439 779 A (OAY RICHARD A ET AL) 

8 August 1995 (1995-08-08) 

column 1, line 49; claims 1-3; example 2 

US 4 694 029 A (LAND JOHN M) 
15 September 1987 (1987-09-15) 

claims 1,2; examples 1-9 
column 1 , paragraph 6 
column 2, paragraph 7 
column 3, paragraphs 3,4 
column 6, paragraphs 7,8 



24,25 



1.13,15, 
16,25 



1,13-17, 
19, 

21-23,25 



Form PCT/IS A/210 (ccncnuanon ot second stool) (Jury 1 992) 



page 2 of 2 



BNSDOClD <WO _ 003A4QOA 1 J . > 



INTERNATIONAL SEARCH REPORT 



Information on patent family members 


international * . .cation No 

PCT/US 99/29569 


Patent document 
cited m search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 



US 4548890 A 22-10-1985 GB 2137626 A 10-10-1984 



AT 40757 T 15-02-1989 

AU 574672 8 14-07-1988 

AU 2623884 A 04-10-1984 

CA 1264889 A 23-01-1990 

DK 173784 A 01-10-1984 

EP 0124292 A 07-11-1984 

JP 59184220 A 19-10-1984 



W0 9941296 A 19-08-1999 NONE 



EP 


0071345 


A 


09-02- 


•1983 


AT 


13687 


T 


15-06-1985 












AU 


557713 


B 


08-01-1987 












AU 


8631282 


A 


27-01-1983 












CA 


1186143 


A 


30-04-1985 












JP 


1621936 


C 


09-10-1991 












JP 


2047510 


B 


19-10-1990 












JP 


58032674 


A 


25-02-1983 


US 
US 


5439779 


A 


08-08- 


1995 


NONE 








4694029 


A 


15-09- 


1987 


NONE 









Foim PCT/tSA/210 (patonl famtfy anno*) (July 1992) 



BNSDOCID. <WO 0034400A1.I .> 



